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One of the best ways for nations to achieve sustainable economic development in
the modern era is by accelerating energy transformation and enhancing energy
efficiency. Sustainable finance plays a crucial role in bridging economic
development and environmental protection. We calculate sustainable finance
indexes at the provincial level and at the city level in China, and find that
sustainable financial development can promote energy efficiency. These findings
remain robust even after employing a series of robustness tests and implementing
an instrumental variable approach to address potential endogeneity concerns.
Investigations of the underlying mechanism reveal that sustainable finance
primarily promote the energy efficiency by promoting technological innovation
and optimizing the industrial structure. Moreover, sustainable finance has a
particularly significant impact on energy efficiency in cities with non-low-carbon
pilot and cities with strict environmental regulations. We further test whether green
finance has a threshold effect on energy efficiency. This paper suggests leveraging
the positive role of sustainable finance in the energy efficiency of firms, especially by
encouraging firms to invest technologies to accelerate their energy efficiency.
Furthermore, this paper aim to offer insightful recommendations for accurately
formulating and applying sustainable finance development strategies.
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1 Introduction

Green funds are pivotal in financing resource utilization while promoting environmental
quality and resource efficiency by directing funds toward environmentally responsible
businesses and regions. The advancement of sustainable finance can facilitate the
development of a green, low-carbon economy, foster energy transition, and enhance
energy efficiency (Coase, 1992; Dean and Brown, 1995). A substantial body of research
by both domestic and international scholars is currently devoted to exploring the impacts of
sustainable finance. This innovative financial system product, sustainable finance,
amalgamates sustainability and environmental protection and is deeply ingrained
throughout economic activities. It forms the bedrock of financial business development,
transcending its role as a financial instrument for environmental concerns. Sustainable
finance, instead, is intricately intertwined with national or regional economic growth and
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environmental conservation (Perry, 2010), effectively melding
financial resources with corporate entities.

China’s carbon peaking goals have been divided into smaller
goals and assigned to provinces, cities, and counties, just like other
policies. However, certain underdeveloped regions of China are
finding it challenging to keep up with the rate of carbon peaking
because of their colossal geography and unequal regional growth.
Additionally, power shortages occasionally happen due to problems
related to climate change and the shift to cleaner energy (Wang et al.,
2022; Guo et al., 2023). In this situation, one efficient strategy to
reduce carbon emissions is increasing energy transformation and
efficiency. As sustainable finance has continued to advance,
academics have investigated the connection between sustainable
financing and energy efficiency. Sustainable finance can force
businesses that have yet to undergo a green transformation to do
so to promote the greening of the industry as a whole and improve
energy efficiency. It can also encourage the development of emerging
green industries by providing financial support (Huo et al., 2022).
Scholars from home and abroad have researched sustainable finance
and its effects. However, Considering the Gap in the literature, most
of it uses provincial panel data or prefecture- or city-level studies on
specific provinces. There needs to be more literature on how
sustainable financing affects local governments at the municipal
and county levels. The intermediate channel of energy efficiency for
sustainable finance in emerging market countries like China is also
worth studying. So we want to explore: can sustainable financial
development at the city level in China improve the energy efficiency
of enterprises? What are the intermediate channels through which
sustainable finance affects corporate energy efficiency?

Moreover, constrained by data limitations, municipal and
county-level research often resorts to employing single indicators,
such as green credit, as proxies for assessing sustainable finance
development levels. Consequently, a comprehensive analysis of the
precise impact and underlying mechanisms of sustainable finance
development on municipal-level energy efficiency remains
challenging. To address this challenge, it is imperative to explore
the heterogeneity that exists among various categories of cities, given
the significant economic disparities between Chinese provinces and
variations among cities within each province. Hence, the provision
of tailored, region-specific policy recommendations to local
governments is of paramount importance (Ghisetti and
Rennings, 2014).

Through the review of existing literature, it is found that the
research on green finance has a long history. Most scholars believe
that the development of green finance considers environmental
protection and economic benefits, guides financial resources to
invest in environmentally friendly fields and enterprises,
improves ecological quality, reduces energy consumption, and
improves energy efficiency. The research on green finance mainly
involves three aspects: banks, enterprises, and regions. At the bank
level, it focuses on the impact of green finance on bank risk-bearing
ability and operation effect; at the enterprise level, it mainly studies
the impact of green finance policy on enterprise technological
innovation and performance. At the regional level, in addition to
the impact of green finance on the high-quality development of the
local economy, technological innovation, and energy consumption,
we also focus on establishing an appropriate index system to
evaluate the development level of green finance.

The two following elements are where this paper innovates.
First, it creates a thorough evaluation index of the level of urban
sustainable finance development. When examining the problems
associated with sustainable finance at the municipal level, the
existing literature frequently employs single-dimensional
indicators to refer to the development level of sustainable
finance due to the difficulty in gathering data. The quality of a
city’s sustainable financial structure is assessed in this article using
numerous metrics, including credit, investment, insurance,
securities, and carbon emissions, to create a more thorough and
multidimensional evaluation index. Therefore, it can more
accurately reveal the contribution of financial development at
the city level to the optimization of energy structure, which
might serve as a guide for the precise implementation of
sustainable finance policies at the city level. Secondly, this paper
investigates whether implementing other environmental policies
will affect the impact of sustainable finance development on
optimizing the energy structure, quantifies the synergistic effect
between different policies, and serves as a guide for formulating
complementary policies. It takes the low-carbon pilot and
environmental regulation policies as entry points. The research
will further verify from the perspective of China’s city database that
the development of sustainable financial impact for energy use will
further the development of sustainable finance and the use of
energy bring specific policy significance, especially under the
background of global carbon emissions pressure, assessment of
all kinds of environmental regulation policy and financial policy
will also contribute to the practice of energy transformation.

In the context of global climate risk frequency, China’s low-
carbon transformation requires enterprises to improve energy
efficiency and then reduce carbon emissions; this paper wants to
discuss whether the sustainable financial development level at the
urban level in China can optimize the energy use of enterprises and
improve the energy use efficiency of enterprises. This paper aims to
study the impact of sustainable finance development on energy
efficiency, further enrich the role and impact of sustainable finance,
and verify the effectiveness of sustainable finance development. The
empirical findings demonstrate that sustainable finance will support
advancing energy efficiency through technological innovation and
optimizing industrial structure. The degree of environmental
regulation and the implementation of low-carbon pilot policies
moderate this process. Sustainable finance has a more significant
impact on energy efficiency in non-low-carbon pilot cities with strict
environmental regulations. Additionally, due to the variation in
technology levels, the effect of sustainable finance on energy
efficiency will also experience structural fractures. The
improvement effect of sustainable finance on energy efficiency
increases with the technology level.

The rest of this essay is structured as follows: The current
research status and development trend of sustainable finance and
energy efficiency are roughly clarified in Chapter 2 by methodically
reviewing and summarizing the relevant literature, qualitatively
analyzing the relationship and influence mechanism between the
two, and proposing several hypotheses based on them; The third
chapter provides a thorough introduction to data collecting, index
creation, and model creation; The hypothesis is empirically analyzed
in chapter 4, which also conducts the mediation effect test and the
moderating effect test based on the fundamental model. The analysis
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and proof of the previous results and policy proposals form the basis
of the fifth chapter.

2 Literature review and research
hypotheses

To direct the distribution of social resources and support the
growth and expansion of the environmental protection and energy
conservation industries, sustainable finance employs a variety of
financial tools and regulations. As a result, it can simultaneously
consider the economy’s healthy and sustainable growth and the
achievement of low-carbon and energy-saving targets (Liu et al.,
2021). Starting with the supply side, financial institutions encourage
the development of green financial products, accelerate the growth
of green, energy-saving, and environmental protection industries,
and allocate funds to various enterprises in various ways (Chiu and
Lee, 2020). Financial institutions, on the one hand, increase the
return on investment of businesses by offering green financing
options like green credit to green businesses, employing
discounted interest rates, and using other strategies to
successfully pull the investment of green businesses (Sadorsky,
2010); On the other hand, financial institutions endogenize the
negative externalities of their environmental costs for businesses
with high emissions and low production capacity, increasing the
costs and financing challenges of businesses with high water, energy,
and pollution levels. This prevents the growth of high energy-
consuming industries and boosts energy efficiency (Sadorsky,
2010; Bak et al., 2013). Second, from the demand side,
sustainable finance strengthens residents’ environmental
responsibility and awareness by raising awareness of
environmental protection and low-carbon consumption,
constructing an environmental protection and low-carbon
consumption system, encouraging residents’ green consumption,
and encouraging residents’ green investment, which forces the
conversion and upgrading of inefficient energy-consumption
industries to environmentally friendly industries and thereby
increases energy efficiency (Frederick, 2012; Chen et al., 2014;
Shao, 2020).

Based on the above influence mechanism, Hypothesis 1 is
proposed in this study.

Hypothesis 1: The development of sustainable finance has a
catalytic effect on the improvement of energy efficiency.

Since 2010, low-carbon pilot programs have been
implemented in 87 cities across China, and the influence of
these initiatives on energy efficiency remains a topic of ongoing
debate. Some studies suggest that these programs have bolstered
local governments’ commitment to incentivizing the transition
from high-carbon to low-carbon enterprises through the
strategic utilization of policy instruments and market-driven
approaches (Cheng et al., 2019). Conversely, other research
indicates that the overall impact of low-carbon pilot
initiatives on energy efficiency is unpredictable, contingent
upon the varying magnitudes of both positive and negative
effects. While some environmental costs can potentially be
mitigated through innovative compensation mechanisms, the
precise level of such compensation remains uncertain (Porter

and Linde, 1995). Building on this analysis, this paper posits
Hypothesis 2.

Hypothesis 2: Low-carbon pilot policies have a moderating role in
sustainable finance, affecting energy efficiency.

Environmental regulation is a state-led social regulation with
essential requirements that might directly impact the area’s
industrial structure, such as through taxation. Technological
advancement and industrial structure both affect how
environmental legislation affects energy efficiency. Ecological
regulation can assist businesses in developing a favorable
innovation environment while staying within realistic bounds
from the technical innovation perspective. Partially or entirely
counterbalance the economic pressure brought on by
environmental laws. In contrast, overly strict and unjustified
ecological regulations will have a detrimental effect on businesses
and impede the development of green technology. The improvement
in consumer knowledge of environmental protection from the
standpoint of industrial structure encourages the optimization
and upgrading of regional consumption patterns and further
pushes businesses to implement technological change on the
consumer side. The study shown above can be compared to the
analysis of the cost internalization theory. However, it is still being
determined how the costs associated with environmental regulation
and technology compensation balance each other out (Coase, 1992).
Based on the above analysis, Hypothesis 3 is proposed.

Hypothesis 3: The intensity of environmental regulation has a
moderating role in sustainable finance, affecting energy efficiency.

3 Methodology and data

3.1 Model specification

According to the theoretical analysis presented above, the
amount of green finance impacts the advancement of energy
structure and efficiency. The intermediate channel of influence is
mainly through technological innovation and industrial structure
upgrading. To test the effect of environmentally friendly financial
development on energy efficiency through regulating variables,
green finance is added to the basic model as the primary
explanatory variable, and the level of industrial structure
optimization and technological innovation are added as
significant explanatory variables (Model 1).

EEit � β1SFIit +β2INDit +β3TIit +β4GDPit +β5FDIit+ β6URit +β7UGit +β8GIit +β9HRit +β10ECit +αi+ εit
(1)

In Model (1), EEit represents energy efficiency. The negative
value of energy consumption per unit of GDP is adopted to facilitate
interpretation. SFIit represents the Comprehensive index of green
finance development level, which considers the second-level
indicators of green credit, green securities, green insurance, green
investment, and carbon finance and uses the entropy method to
construct. INDit stands for industrial structure optimization index,
which is the ratio of the added value of the tertiary industry to that of
the secondary industry. TIit represents the number of patents
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granted and measures a city’s technological innovation level. Model
(1) estimates mainly used a fixed effects model with multiple linear
regression, where we controlled for urban fixed effect and year fixed
effect while controlling for robust standard error at the regional level
of the city.

Moreover, control variables of the level of urban economic
development, urban construction, amount of foreign investment,
and human resources are also introduced to avoid variable omission.
Among them, GDPit represents per capita GDP, representing the level
of local economic development; FDIit is the proportion of foreign direct
investment in GDP; URit is the urbanization rate, which is equal to the
proportion of the urban population in the total population; UGit is the
urban green coverage rate; HRit is the number of employed at year-end,
which represents the local human resource reserve, ECit represents the
proportion of education expenditure in GDP. Based on the above
research contents and assumptions, variables to be collected or
constructed in this paper include explained variables -- energy
efficiency; core explanatory variable -- green finance development
index; control variable -- industrial structure, technological
innovation, urbanization rate, opening-up degree, human resources,
etc. See Table 1 for the specific definitions.

3.1.1 Dependent variable: Energy efficiency
Energy consumption efficiency can be measured using either a

single factor or a combination of factors. Regarding single-factor
energy efficiency, there are primarily two approaches: 1) Taking
industrial enterprises as research objects, using the total energy
consumption of coal, oil, and electricity to measure energy use
efficiency (Karen et al., 2004; Zhang et al., 2020). The research scene
with industrial companies or industrial industries as the research
object, however, is more suited for this strategy; 2) When energy is a
factor of production, energy efficiency is stated as the average total
energy consumption per unit of GDP to quantify the benefit output
capacity (Perez-Lombard et al., 2014); If multi-factor energy
efficiency is mentioned, there are three primary approaches: 1)
Calculating total factor energy efficiency using the DEA method,
taking into account all energy variables and other input elements in

actual production; 2) According to the CRS hypothesis, total factor
energy efficiency was constructed using energy, physical capital, and
human capital as input variables, GDP as the expected result, and
industrial wastewater, industrial waste gas, and carbon emissions as
the unanticipated output (Pang et al., 2015). 3) Measure energy
efficiency by the ratio of energy input and service output (Perez-
Lombard et al., 2014).

When deciding which of the two types of energy use efficiency
measurements, some academics contend that single-factor energy
efficiency places more emphasis on the financial gains made during
the energy utilization process than multi-factor energy efficiency
does on the technical properties of energy output. Based on the
abovementioned justifications, this study employs the inverse of
GDP per unit of energy usage as an energy efficiency index. The
energy efficiency unit is also consistently converted to 10,000 tons of
regular coal (Luis and Velazquez, 2013).

3.1.2 Core independent variables: sustainable
finance index

In the existing literature (Bi et al., 2014; Akomea-Frimpong
et al., 2022), there are mainly two ways to measure the level of
development of the environmentally friendly financial system: 1)
The single-dimensional variable sustainable credit is used to
measure it (Xu and Li, 2020); 2) Conduct a sustainable credit,
sustainable securities, sustainable insurance, sustainable
investment, and sustainable carbon finance development index
system (Xie and Hu, 2021; Zhang et al., 2022). The second
approach, the entropy value method, is used in this paper to
create a relatively complete sustainable finance development index.

Referring to previous studies, sustainable credit equals the
balance of sustainable urban loans, but it is not easy to collect
data on sustainable urban loans. The stock refers to the practice of
Tian et al. (2022) using the balance of loans of urban financial
institutions to estimate the balance of sustainable credit, that is, first
calculate the proportion of the balance of loans of urban financial
institutions in the balance of loans of national financial institutions,
and then multiply the proportion by the balance of sustainable

TABLE 1 Variable definition.

Variables Abbreviations Description of variables

Energy efficiency EE Energy consumption is divided by regional GDP. To measure energy efficiency, we add negative indicators of energy
consumption based on ratio

Sustainable finance index SFI Using the entropy method to construct a composite index that includes five dimensions, including green credit, green
investment, green securities, green insurance and carbon finance

Industrial structure IND The ratio of the added value of the tertiary industry to that of the secondary industry

Technological Innovation level TI The number of patents granted by the city in the current year

Economic development GDP The per capita GDP of the city in that year

Degree of opening-up FDI The ratio of foreign direct investment to GDP

Urbanization rate UR Urban population as a proportion of the total population

Urban green coverage rate UG Coverage of urban green areas

Human resource HR Number of employees at the end of the year

Fiscal expenditure on
education

EC The proportion of education expenditure in GDP at the end of the year
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federal loans (Caroline, 2021). To get the estimated value of the
sustainable loan balance of the city (Tian et al., 2022).

In addition, sustainable securities are equal to the proportion of
the A-stock market value of local environmental protection
enterprises in the total A-share market value of local enterprises.
Sustainable insurance is equal to the proportion of local agricultural
insurance income in total insurance income, green investment is
equal to the government’s fiscal expenditure on energy conservation
and environmental protection divided by GDP, and carbon finance
is the ratio of carbon dioxide emissions to GDP. The specific index
system is shown in Table 2.

Regarding the sustainable financial development index, we
consider green credit, green bonds, green securities, etc. These
indicators will play different roles, so we use the entropy method
to evaluate different points. Weight can represent green credit, green
bonds, green securities, and green insurance represent
differentiation, respectively. Among them, the entropy weight
method is an objective empowerment method based on the
principle that the less the degree of variation of the index, the
less the information reflected, and the lower the corresponding
weight should be. When the entropy method is used to weigh each
index, the first step is to standardize the data, so there is no need to
worry about different units of different indicators. The entropy
method determines the weights as follows.

① Data standardization: the maximum and minimum
standardization method is usually used
② Calculate the information entropy of each index:

Ej� − 1
lnn

∑N

i�1pijlnpij (2)

In model (2), pij � xij′

∑n

i�1xij
′ (If pij� 0, than define limpij→ 0pijlnpij�0)

③ Determine the weight of each index:

The entropy value of each index is calculated through step 2:
E1, E2, . . . . . .Em, and the weight of each index constructed by the
entropy value method is:

Wj � 1 − Ej

m−∑Ej
0≤ j≤m( ) (3)

3.1.3 Control variables
We selected the following variables according to Huo et al.

(2022) and other authoritative papers on energy efficiency.

Industrial structure and technological innovation are key factors
affecting energy efficiency. In addition, the urban economic
development level, human resource reserve, and urban
construction level may also impact energy efficiency. Other
possible control variables must be introduced to prevent
missing variables from distorting analysis results. 1) industrial
structure, the change of industrial structure is the critical
intermediate variable of green finance affecting energy
consumption, which is expressed by the ratio of the added
value of the tertiary industry to that of the secondary industry;
2) technological innovation level, represented by the number of
patents granted by the city in the current year; 3) the level of
economic development is expressed by the per capita GDP of the
city in that year; 4) the degree of opening-up, expressed by the ratio
of foreign direct investment to GDP; 5) the level of urban
construction, involving two indicators of urbanization rate and
urban green coverage rate, wherein the urbanization rate is equal to
the proportion of the urban population in total population; and 6)
the human resource reserve of a city, which also involves two
indicators -- the number of employees and the proportion of
education expenditure in GDP.

3.2 Data source and pre-processing

3.2.1 Data acquisition
The main difficulty of this paper is to obtain prefecture-level

data and construct the index system. Data acquisition, GDP, fiscal
expenditure, foreign direct investment, urbanization rate, and the
number of patents authorized can all be collected and downloaded
from the CEI DATA or CSMAR database. It is not easy to obtain
sustainable credit data to construct the sustainable finance
development index. The mainstream way is to measure central
banks’ sustainable loan balance ratio. However, it is not easy to
obtain the sustainable loan data of central banks at the prefecture-
level city level. Therefore, through reading the literature, it is decided
to use the ratio of the loan balance of city financial institutions to the
total loan of national financial institutions to estimate. Furthermore,
the loan balance of each significant bank financial institution can be
obtained from the China City Statistical Yearbook. Secondly, it is
also complicated to get agricultural insurance data. Most of the
existing agricultural insurance data are at the provincial or county
level, but data must be at the prefecture-level city level. Therefore,
the county data is matched and added to the prefecture-level
agricultural insurance data.

TABLE 2 Measurement indicators of the sustainable finance development.

Five dimensions of sustainable finance Description of variables Source

Green credit Green Credit Balance
China City Statistical Yearbook

Green securities Percentage of the market capitalization of environmental companies

Green insurance Share of agricultural insurance scale Yearbook of China’s Insurance

Green investment Energy saving and environmental protection fiscal expenditure ratio CSMAR

Carbon finance The ratio of carbon trading volume to GDP CEADs

Note: This Table 2 reports the methodology for calculating the five secondary indicators used in constructing the sustainable financial development index and shows the source of the underlying

variables.
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The total energy consumption at the city level refers to the
practice of Wang et al. (2022). In the China City Statistical
Yearbook, the energy consumption of natural gas and liquefied
petroleum, the electricity consumption of the whole society, and
urban heating (steam heating, thermal power plant heating) are
checked and sorted out. The total energy consumption is obtained
through the conversion coefficient of standard coal.

3.2.2 Missing value processing
Most of the above variables have a certain amount of missing

value, and the missing value of each variable is between 5% and 18%.
Methods such as provincial data substitution and trend value of
adjacent data are used for interpolation. For example, agricultural
insurance data covers 800 grain-producing counties in the country
also see “China Insurance Yearbook” added the successfully
matched prefecture-level city data, but China has a total of about
1,600 county-level administrative regions, in addition to unmatched
prefecture-level cities, there are still about 20 prefecture-level city
agricultural insurance data missing, so the use of the province of the
prefecture-level city agricultural insurance data to fill the missing
value, the total amount of agricultural insurance income of the
province divided by the number of prefecture-level cities to get the
average value as the final value of the missing value.

In addition, if there are missing data such as fiscal expenditure,
urbanization rate, and the number of patent grants, all the data are
arranged in the order of prefecture-level cities and statistical year so
that the observation objects with adjacent missing values are
prefecture-level cities belonging to the same province, and the
statistical year is also arranged by time. Then, the trend value of
adjacent values is used to fill in, which can achieve better results.

3.2.3 Data matching and descriptive statistics
Since there are differences in the identification of prefecture-level

city names in different data tables, such as “Beijing City” instead of
“Beijing” in the urbanization rate table, or “Kashgar City” will also be
identified as “Kashgar region,” there may be problems in the matching
process. The solutions are as follows: Firstly, each prefecture-level city is
coded according to the code of the Chinese administrative division to
form the standard coding table of prefecture-level city, province, and
prefecture-level city. Secondly, Python is used to fuzzymatch the names
and codes of prefecture-level cities in each form, and the city names are
converted into administrative district codes, thus realizing the unique
identification of city names. Finally, the modeling data is obtained using
the prefecture-level city code for data matching. In the final data
obtained, the modeling data can be obtained by standardizing the
final data.

Then, this research will follow the following conceptual
framework (see Figure 1), highlighting the methodological
approach. We used the econometric software Stata 17.0 in our
study. Indeed, the Stata commands used in this study included
reg, xtreg, ivreg2, ivregress, xtabond, xtdpdsys, xthreg, and vif. These
commands were used to realize the preliminary tests and the model
estimations. We also used the econometric software Python3.0 in
our study. Indeed, the Python 3.0 commands used in this study
included pandas, numpy, and math. These commands were used to
realize the preliminary tests and the model estimations”.

The description and statistics of the original data are shown in
Table 3. According to the descriptive statistics results, key variables such
as energy efficiency, sustainable finance, industrial structure, and
technological innovation have a certain degree of variability, which
meets the requirements of the study. The mean of EE is-2.289, the

FIGURE 1
Conceptual framework.

Frontiers in Environmental Science frontiersin.org06

Liu et al. 10.3389/fenvs.2023.1273784

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1273784


standard deviation is 2.840, the mean of GFI is 0.010, the standard
deviation is 0.004, the maximum GDP growth rate is 19.775, indicating
that the urban GDP growth rate can reach 19.775%, the lowest is
0.899%, the average is 5.388%, and the standard deviation is 3.175,
indicating the GDP growth rate of different cities, which is consistent
with the actual difference of different cities. UR represents the
urbanization rate, of which the average urbanization rate is 51.7%,
indicating that with the continuous promotion of urbanization, the
urbanization rate of more than half of Chinese cities exceeds 50%, the
maximum value is 100%, the minimum value is 14%, and the standard
deviation is 0.151. EC refers to the proportion of education expenditure
in GDP, of which the maximum value is 18.9%, the minimum value is
0.2%, and the average value is 3.1%.

3.2.4 VIF test
It is essential to test and measure multicollinearity between

variables in the model; therefore, the variance inflation factor (VIF)

test was calculated. Table 4 shows the model’s VIF-test result. The
mean VIF of 1.704 represents low multicollinearity among the
model variables, as the rule of thumb suggests a mean VIF value
of 6 or lower to proceed with the model estimation.

4 Empirical results and analysis

4.1 The influence of sustainable finance on
energy efficiency

The data utilized in the modeling is stable because, according to
the findings of the LLC panel unit root test performed on panel data,
all variables pass the test. The regression results are then established
using a conventional panel regression model and are displayed in
Table 5. It can be seen that the regression coefficient of sustainable
finance is positive (the coefficient is 0.111) and significant at the level
of 1%, regardless of whether fixed effects are controlled or not,
whether provincial data or city-level data, indicating that an increase
in sustainable finance level can significantly improve energy
utilization efficiency. Specifically, Column (1) (2) is the city level
of sustainable finance index, from column (1) of Table 5, when the
control year and urban fixed effect, the coefficient of sustainable
finance is 0.111, standard error is 0.054, t value is 2.05, significant at
5% level, from the column (2) of Table 5, when the coefficient of
sustainable finance is 0.848, standard error is 0.287, t value is 2.95,
significant at 1% level. Column (3) (4) measures the sustainable
finance index at the provincial level, as can be seen from column (3)
of Table 5, when the control year and urban fixed effect coefficient is
0.265, the standard error is 0.021, t value is 12.62, significant at 1%
level, from the column (4) of Table 5, when not control year and
urban fixed effect, the coefficient of sustainable finance is 0.287, the
standard error is 0.025, t value is 11.48, significant at 1% level. Since
the socialist construction period, China has focused on developing
heavy industry to establish an advanced industrial system. Against

TABLE 3 Summary statistics.

Variables N Mean Median SD Min Max

EE 2,590 −2.289 −1.364 2.840 −40.673 0.000

SFI 2,590 0.010 0.001 0.004 −0.009 0.048

IND 2,590 0.921 0.881 0.357 0.175 5.168

TI 2,590 7.105 2.571 11.120 0.012 16.609

GDP 2,590 5.388 4.614 3.175 0.899 19.775

FDI 2,590 0.182 0.146 0.169 0.000 7.237

UR 2,590 0.517 0.507 0.151 0.140 1.000

UG 2,590 0.415 0.422 0.550 0.004 0.953

HR 2,590 0.745 0.449 0.814 0.071 9.869

EC 2,590 0.031 0.030 0.012 0.002 0.189

Note: This table reports the summary statistics of the variables used in the study from 2010 to 2019. EE, reports energy efficiency, which is the negative value of energy consumption per unit of

GDP. SFI, represents the green energy development index, which considers the second-level indicators of green credit, green securities, green insurance, green investment, and carbon finance

and uses the entropy method to construct. IND, stands for industrial structure optimization index, which is the ratio of the added value of the tertiary industry to that of the secondary industry.

TI, represents the number of patents granted and measures a city’s technological innovation level. Moreover, GDP, is per capita GDP, representing local economic development; FDI, is the

proportion of foreign direct investment in GDP. UR, is the urbanization rate; UG, is the urban green coverage rate; HR, is the number of employees per unit at the end of the year, represents the

local human resource reserve, and EC, is the proportion of education expenditure in GDP. SD, represents the standard deviation.

TABLE 4 VIF-test.

Variables VIF 1/VIF Mean VIF

TI 2.561 0.391

1.704

HR 2.423 0.414

GDP 2.286 0.439

UR 2.077 0.482

EC 1.519 0.663

SFI 1.176 0.857

IND 1.145 0.873

UG 1.086 0.925

FDI 1.059 0.956

Note: the command vif of STATA is used.
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this backdrop, financial institutions have also concentrated
resources into high energy- and pollution-intensive industries
and imported foreign capital has naturally been pushed into
these industries under the stimulus of policy advantages, making
environmental pollution and excess capacity increasingly
problematic. Even if The Times has recently made sustainable
development a trend, many regions and sectors still need help
with the transition. Sustainable finance is the solution to this
issue. Financial institutions offer favorable loan products to
businesses that conserve energy to increase their social capital,
diversify their funding sources, and lower their financing costs
(Muganyi et al., 2021; Revell and Goldsmith, 2021).

Furthermore, employing an interest rate decrease and an
extension of payback terms assists them in reviving their
operating capital and enhancing their return on investment. On
the other hand, the state and the government spare no effort to
implant the concept of sustainable consumption and sustainable
investment in the general people. These efforts have successfully
boosted the development vigor of the sustainable sector. Most
individual investors and consumers also need to understand the
broad contours of sustainable development and progressively create
a sustainable consumption structure. Creating and growing a
sustainable financial system may ease China’s resource and
environmental problems. They are shifting substantial financial
resources to the sustainable sector, encouraging the improvement
and modernization of the industrial structure as a whole, and
enhancing the effectiveness of energy utilization.

Most individual investors and buyers also know the necessity of
comprehending the broad principles of sustainable development
and gradually developing a sustainable consumption structure.
Developing and expanding a sustainable financial system will
help China’s resource and environmental issues. We are directing

significant financial resources toward the sustainable sector,
promoting the modernization and advancement of the industrial
structure, and increasing energy efficiency. After the new
development pattern was proposed, our country issued a series of
policies to promote sustainable development plans, among which
fostering technological innovation and industrial structure
optimization and upgrading are the two most important means
to start from the supply side. China’s manufacturing industry has
long been dominated by low-end manufacturing, which has become
a long-term challenge to crack the “curse” of energy waste. Establish
a “win-win” scenario for economic growth and environmental
protection.

The estimated coefficient of economic development among the
remaining control variables is significantly positive at the significant
level of 1%, indicating that China’s economic development can
generally improve energy efficiency. This is because development
goals and forms have been appropriately and positively adjusted
throughout China’s development. Technology-intensive development
has the potential to increase production effectiveness as well as product
competitiveness. Additionally, it can implement the development
philosophy that “clear waters and green mountains are invaluable
assets” and encourage energy saving and emission reduction.
According to Table 5, opening up to the outside world performed
substantially worse than expected. This shows that foreign investment
has not increased our nation’s energy efficiency, which is still directly
tied to the direction of foreign investment. Our overall technical level
and economic development are far behind those of industrialized
countries at the time of our WTO admission. We can only trade
quantity for quality as a result. Generally speaking, foreign investment is
concentrated in energy-intensive and low-end industrial sectors, and
these investments still need to improve technical sophistication and
energy efficiency. In addition, the predicted coefficient of urbanization

TABLE 5 Effect of sustainable finance on energy efficiency.

Variables

(1) (2) (3) (4)

City-level data Province-level data

EE EE EE EE

SFI 0.287*** (0.025) 0.265*** (0.021) 0.848** (0.287) 0.111** (0.054)

IND 0.143*** (0.022) 0.026*** (0.004) 0.488*** (0.092) 0.054 (0.092)

TI 0.334*** (0.039) 0.321*** (0.005) 0.001 (0.001) 0.003** (0.001)

GDP 0.196*** (0.030) 0.215*** (0.006) 0.007 (0.022) 0.036*** (0.009)

FDI -0.036*** (0.011) -0.026*** (0.004) -0.642*** (0.118) -0.041 (0.053)

UR -0.069* (0.030) -0.023*** (0.006) -0.797* (0.427) -2.122*** (0.345)

UG -0.005 (0.017) -0.022*** (0.004) -0.026*** (0.006) -0.012** (0.005)

HR 0.173*** (0.045) 0.380*** (0.005) -0.001 (0.001) -0.001 (0.001)

EC 0.096** (0.003) 0.380*** (0.005) 0.695*** (0.418) 0.390 (1.453)

City FE No Yes No Yes

Year FE No Yes No Yes

R2 0.615 0.750 0.512 0.683

Note: Table 5 shows the effect of sustainable finance on energy efficiency. The table also contains the significance levels (p-values). The standard errors are in parentheses. ***, **, and * represent

significance at the 1%, 5%, and 10% levels.
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level is markedly negative. Urban people use more resources for food,
clothing, housing, and transportation as the rate of urbanization rises,
which is reflected in the decline in energy efficiency. The significant
positive correlations between human capital and education spending
show that the development of human resources helps increase energy
efficiency.

4.2 Robustness tests and endogeneity issues

4.2.1 Robustness tests by replacing the dependent
variable and using provincial data

Changes to the dependent variable, adjustments to the
sample size, and removal of the particular sample were all
taken into account while assessing the robustness of the
previous regression model. The results of the robustness tests
are shown in Table 6.

At the local and municipal levels, total factor energy efficiency
(TFEE) is regressed as a proxy variable for energy consumption per
unit of GDP (EE). TFEE is calculated by using urban GDP as the
desired output, industrial wastewater, industrial waste gas, and
carbon emissions as non-desired outputs, and input factors as
energy consumption and the average number of employees, using
DEA analysis. The regression results show that the core explanatory
variable (GFI) is still significantly positive. The main explanatory
variables, such as environmental regulation, industrial structure, and
technological innovation, are also significant. The sign does not
change, indicating that the findings remain robust and the
conclusions are valid after replacing the same type of dependent
variables.

After that, the regression analysis was conducted by replacing
the provincial-level data, and the results of the analysis showed that

the effect of the level of sustainable finance development on energy
efficiency was significant regardless of whether the dependent
variable was all-factor energy efficiency (TFEE) or single-factor
energy efficiency (EE).

In the previous analysis, the extraordinary city sample was
not treated. Since China consists of four municipalities directly
under the central government and 15 sub-provincial cities, the
financial industry and economic strength of these cities are more
different from other cities, and the regression was conducted
again after excluding these nineteen cities to make the results
more robust and accurate. From the regression results, the main
explanatory variables, such as the level of sustainable financial
development, environmental regulation, industrial structure, and
science and technology innovation, are still significant. The
direction of the sign does not change, indicating that the
effects of each explanatory variable on energy efficiency are
consistent with the benchmark regression after excluding the
unique city samples, which also indicates that the conclusions
drawn from the study are robust.

4.2.2 Endogeneity problem by 2SLS and GMM
There are many influencing factors for energy efficiency. Although

the above model has included all kinds of mainstream control variables
in previous studies as much as possible, it still cannot fit all potential
influencing factors, so there may be endogeneity. On the other hand,
theremay be reverse causality between sustainable finance development
level and energy efficiency improvement, which may produce
endogeneity problems. Therefore, this paper tests and mitigates the
endogeneity problems through two steps.

In the first step, instrumental variables are introduced to
conduct the correlation and Sargan tests. The instrumental
variable for the sustainable finance development index is

TABLE 6 Result of robustness tests.

Variables

(1) (2) (3)

City-level data Province-level data Excluding special cities

TFEE TFEE EE TFEE

SFI 0.245*** (0.007) 0.129** (0.121) 0.362*** (0.005) 0.239*** (0.007)

IND 0.008 (0.007) 0.087*** (0.019) 0.006** (0.005) 0.031** (0.006)

TI −0.092*** (0.008) 0.118*** (0.020) 0.277*** (0.006) −0.166*** (0.008)

GDP −0.126*** (0.009) 0.532*** (0.031) 0.321*** (0.007) −0.068*** (0.008)

FDI −0.079*** (0.006) −0.008 (0.022) −0.011*** (0.005) −0.021*** (0.006)

UR 0.149*** (0.008) −0.012*** (0.013) −0.033*** (0.006) −0.154*** (0.008)

UG −0.029*** (0.006) −0.010 (0.014) −0.003 (0.005) −0.015* (0.006)

HR 0.044*** (0.008) −0.024*** (0.015) −0.301*** (0.007) −0.013*** (0.008)

EC 0.022** (0.008) 0.025*** (0.009) −0.036*** (0.006) −0.016*** (0.008)

N 259 30 240 240

Year FE Yes Yes Yes Yes

Adjusted R2 0.120 0.533 0.679 0.149

Note: Table 6 reports the results of the robustness test. The standard errors are in parentheses. ***, **, and * represent significance at the 1%, 5%, and 10% levels.
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understood to be the trailing phase of the index. The instrumental
variable passes the correlation test and Sargan test, and it is believed
that the lagging phase of the sustainable finance development index
meets the correlation and exogenous demand of the instrumental
variable. Then, GMM and 2SLS are used for regression analysis, and
the regression results are shown in columns (1) and (2) in Table 7. It
can be seen that the regression results of generalized moment
estimation and two-stage least squares are significant, and the
estimated value of the coefficient is very close to the benchmark
panel regression model of city-level data, which further verifies the
reliability of the instrumental variables. The dynamic panel model
was additionally constructed; the explanatory variable included the
lagged item of the explained variable (EE) to regress, and the
endogeneity problem of the model was observed. This paper used
differential GMM and system GMM to re-estimate the basic
regression model. The model is as follows:

EEit � C + β1EEit−1 + β2EEit−2 + β3SFIit + γUit + εit (4)

EEit−1, and EEit−2 were recent the lag term of energy efficiency, C
represents the constant term, andUit represents all the other control
variables mentioned above. The model results obtained after
generalized moment estimation are shown in columns (3) and
(4) in Table 7. According to the regression results, the random
disturbance term only appears in first-order sequence
autocorrelation; second-order sequence autocorrelation does not
exist. The p-value of the energy efficiency one-stage lag is significant
at the level of 0.001, indicating that the energy efficiency of the
previous year can be increased by 1.004 for every additional unit.
The estimated coefficient of sustainable finance, the primary

explanatory variable, is significantly smaller when the energy
efficiency lag term is included in the model, demonstrating that
there is still a significant gap between the rate of development of
sustainable finance and energy utilization tech. This also
demonstrates that improving energy efficiency is a dynamic
optimization process. Although there is still much room for
development and the growth of sustainable finance has not had a
substantial impact on the real economy or the energy sector, the
estimation coefficient’s relevance and symbol remain unchanged.

4.3 Analysis of themechanism of sustainable
finance on energy efficiency

The stepwise test regression coefficient approach is first used to
determine whether the growth of sustainable financing will increase
energy efficiency through the effects of industrial structure
optimization and technological innovation. The Sobel method
will be used if the test findings are not statistically significant. To
analyze whether green finance will affect energy efficiency through
industrial structure and technological innovation, this paper uses the
causal gradual regression method to analyze the mediation effect.
The causal stepwise regression method, proposed by Baron and
Kenny (1986), has three steps: First, analyze the regression of X to Y
to test the significance of the regression coefficient; second, analyze
the regression of X to M to test the significance of the regression
coefficient; third, analyze the regression of X to Y after adding the
mediation variable M to test the significance of the regression
coefficient of X and M. The results show that industrial structure
and technological innovation both play an intermediary role in

TABLE 7 Result of endogeneity test.

Variables

(1) (2) (3) (4)

GMM 2SLS Differential GMM System GMM

EE EE EE EE

L1.EE 0.626*** (0.043) 0.962*** (0.044)

L2.EE 0.025 (0.039) −0.117* (0.056)

SFI 0.303*** (0.033) 0.302*** (0.032) 0.263*** (0.039) 0.062* (0.035)

IND 0.048** (0.017) 0.046*** (0.018) −0.034 (0.024) −0.012 (0.018)

TI 0.337*** (0.056) 0.342*** (0.059) 0.024 (0.049) −0.068 (0.052)

GDP 0.169*** (0.045) 0.182*** (0.044) 0.076** (0.026) 0.116** (0.043)

FDI −0.043* (0.017) −0.041* (0.007) −0.022* (0.009) −0.003 (0.005)

UR −0.005 (0.058) −0.029 (0.009) −0.418*** (0.009) −0.049*** (0.073)

UG −0.005 (0.011) −0.003 (0.013) −0.013 (0.015) 0.002 (0.013)

HR 0.356*** (0.041) 0.372*** (0.045) −0.059 (0.048) −0.024 (0.039)

EC −0.078** (0.025) −0.091** (0.026) −0.091** (0.032) −0.014 (0.027)

City FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

R2 0.636 0.708 —— ——

Note: Table 7 reports the results of the endogeneity test. The standard errors are in parentheses. ***, **, and * represent significance at the 1%, 5%, and 10% levels.
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promoting energy efficiency through the development level of green
finance.

4.3.1 Model analysis of industrial structure as a
mediating variable

A stepwise regression test is conducted on industrial structure
as an intermediary variable to investigate if an industrial structure
is a significant factor in the relationship between sustainable
finance and energy efficiency. When no industrial structure is
included in the model, as shown in Column 1 of Table 8, the
regression coefficient of sustainable finance development is 0.271,
which, at a significance level of 1%, could significantly boost
energy efficiency—indicating that, on average, energy efficiency
increases by 0.271 units for every unit increase in the development
level of sustainable financing. Technological advancement,
economic growth, opening to the outside world, human
resources, and education spending are among the other control
factors that are significantly positive. At the same time, the
urbanization rate and urban greening are significantly
unfavorable. The regression findings are displayed in Column
2, with sustainable financing as the primary explanatory variable
and industrial structure as the explained variable. The regression
coefficient is 0.244, and the results demonstrate a substantial
relationship between the level of sustainable finance
development and the enhancement of industrial structure. It
demonstrates that, on average, every unit of sustainable finance
expands the industrial structure by 0.244 units, and other control
variables, among which scientific and technological innovation,
economic development, urbanization rate, human resources, and
education expenditure are positive prominence are significant
besides urban greening but not urban greening.

In contrast, opening to the outside world is negatively
significant. The regression findings are displayed in Column 3,
with industrial structure as the intermediary variable and energy
efficiency as the explanatory variable. The findings demonstrate that
the improvement effect of industrial structure on energy efficiency is
equally significant and favorable, as is the improvement effect of
sustainable finance development level. Combining the regression
results with the industrial structure, the level of sustainable financial
development in China facilitates the transfer of energy efficiency
improvement.

4.3.2 Model analysis of technological innovation as
a mediating variable

Then, using technological innovation as an intermediary
variable, do a stepwise regression test to determine whether
technological innovation contributes significantly to increasing
energy efficiency by the degree of sustainable finance
development. When energy efficiency is the explained variable
and technological innovation is not included in the model,
Table 9 Column (1) displays the regression findings using
sustainable financing as the primary explanatory variable. As can
be seen, the development level of sustainable finance is positively
significant at the 1% significance level. The regression coefficient, or
total effect of the influence, is 0.262, meaning that for every unit
increase in the development level of sustainable finance, the energy
efficiency increases by 0.262 units on average. While urbanization
rate and urban greening exhibit negative importance, other control
factors like industrial structure, economic development, opening to
the outside world, human resources, and education spending all
show positive significance. The regression findings are displayed in
Column 2, with technological innovation as the explained variable

TABLE 8 A test of mediating effects of IND.

Variables
(1) (2) (3)

EE IND EE

SFI 0.271*** (0.004) 0.244*** (0.007) 0.265*** (0.005)

IND —— —— 0.026*** (0.004)

TI 0.325*** (0.005) 0.157*** (0.009) 0.321*** (0.005)

GDP 0.220** (0.006) 0.177*** (0.009) 0.215*** (0.006)

FDI 0.023*** (0.004) −0.123*** (0.007) 0.026*** (0.004)

UR −0.018*** (0.005) 0.184*** (0.009) −0.023*** (0.006)

UG −0.022** (0.004) −0.007 (0.007) −0.022*** (0.004)

HR 0.384*** (0.005) 0.150*** (0.008) 0.380*** (0.005)

EC 0.039*** (0.005) 0.270*** (0.008) 0.032*** (0.005)

Constant 0.024 0.046 0.022

City FE Yes Yes Yes

Year FE Yes Yes Yes

R2 0.750 0.300 0.750

Note: Table 8 reports the regression results of energy efficiency on green finance when IND, is used as the intermediary variable. The standard errors are in parentheses. ***, **, and * represent

significance at the 1%, 5%, and 10% levels.
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and sustainable financing as the main explanatory factor. The
regression coefficient is 0.010, indicating that sustainable finance
significantly improves technological innovation. The improvement

effect of sustainable finance on energy efficiency is still significantly
positive in Column 3 after the intermediary variable technology
innovation is added, and the improvement effect of technology

TABLE 9 A test of mediating effects of TI.

Variables
(1) (2) (3)

EE TI EE

SFI 0.262*** (0.005) −0.010*** (0.006) 0.265*** (0.005)

IND 0.058*** (0.005) 0.101*** (0.006) 0.026*** (0.004)

TI —— —— 0.321*** (0.005)

GDP 0.335** (0.006) 0.375*** (0.007) 0.215*** (0.006)

FDI 0.011* (0.004) −0.047*** (0.005) 0.026*** (0.004)

UR −0.010* (0.006) 0.038*** (0.007) −0.023*** (0.006)

UG −0.021*** (0.004) −0.004 (0.005) −0.022*** (0.004)

HR 0.545*** (0.005) 0.513*** (0.006) 0.380*** (0.005)

EC 0.042*** (0.006) 0.030*** (0.007) 0.032*** (0.005)

Constant 0.032 0.030 0.022

City FE Yes Yes Yes

Year FE Yes Yes Yes

R2 0.706 0.597 0.750

Note: Table 9 reports the regression results of energy efficiency on green finance when TI, is used as the intermediary variable. The standard errors are in parentheses. ***, **, and * represent

significance at the 1%, 5%, and 10% levels.

TABLE 10 Results of heterogeneity analysis.

Variables

(1) (2) (3) (4)

Pilot City Non-Pilot City High Low

Pilot cities for low carbon policy Level of environmental regulation

SFI 0.149*** (0.011) 0.300*** (0.004) 0.311*** (0.008) 0.202*** (0.005)

IND 0.107*** (0.011) −0.008* (0.004) 0.045*** (0.011) −0.048*** (0.004)

TI 0.474** (0.011) 0.145*** (0.006) 0.454*** (0.010) 0.138*** (0.006)

GDP 0.046** (0.014) 0.289*** (0.005) 0.134** (0.010) 0.319*** (0.006)

FDI 0.051*** (0.010) −0.011** (0.004) 0.060*** (0.010) 0.001 (0.003)

UR 0.036** (0.013) −0.044*** (0.005) −0.038** (0.012) −0.035*** (0.005)

UG −0.027*** (0.009) −0.012** (0.004) −0.042*** (0.011) −0.004 (0.003)

HR 0.344*** (0.008) 0.357*** (0.008) 0.328*** (0.008) 0.446*** (0.007)

EC −0.034** (0.012) 0.042*** (0.005) 0.009 (0.013) 0.051*** (0.005)

Constant 0.065 −0.025 0.047 0.012

N 87 172 130 129

Year FE Yes Yes Yes Yes

R2 0.814 0.659 0.747 0.786

Note: Table 10 reports regulating effects tests on the regulatory effects of low-carbon pilot cities and environmental regulation levels. The standard errors are in parentheses. ***, **, and *

represent significance at the 1%, 5%, and 10% levels.
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innovation on energy efficiency is also positive. The value of the
regression coefficient also slightly rises. It can be deduced from the
above regression results that technological innovation is a critical
intermediary in the energy efficiency improvement process
supported by China’s degree of growth in sustainable financing.

4.4 Heterogeneity analysis

From a national perspective, sustainable finance’s direct and
indirect effects on energy efficiency are examined above. Second, the
effects of explanatory factors in various locations may change due to
variations in financial development level, economic development
level, resource endowment, and policy intensity in various cities. It is
intended to analyze the heterogeneity of the following two systems
concerning prior practices.

First, the samples were split into low-carbon pilot cities and non-
low-carbon pilot cities for regression to examine how sustainable
finance differed between the two types of cities in its effect on energy
efficiency (Zhou et al., 2020). Currently, China has implemented
87 pilot low-carbon cities in three batches between the years
2010 and 2017.

Second, considering the moderating effect of environmental
regulation level1 on the energy efficiency of sustainable finance
development level, the median environmental regulation level of
the sample data was taken as the cut-off point, and the sample cities
were divided into two categories: high and low environmental
regulation level, considering the difference of influence of
sustainable finance development level on energy efficiency under
different environmental regulation levels.

Columns 1 and 2 of Table 10 display the findings of the heterogeneity
analysis about implementing the low-carbon pilot program. The
regression coefficient of sustainable finance development level is
positively significant in both low-carbon pilot cities and non-low-
carbon pilot cities, indicating that sustainable finance development
level significantly impacts the improvement of energy efficiency in
both low-carbon pilot cities and non-low-carbon pilot cities. This
finding is significant at the 1% level of significance. However, in low-
carbon pilot city settings, the absolute value of the regression coefficient of
sustainable finance development level is more significant. Non-low-
carbon pilot cities are mostly resource-based and industrial cities with
large energy consumption bases, so implementing sustainable finance
policies here can reap more significant marginal effects.

Columns 3 and 4 of Table 10 display the outcomes of the
environmental regulatory level heterogeneity study. At the 1%
significance level, the regression coefficient of the sustainable
finance development level is positive and significant from the
perspective of the environmental regulation level, regardless of
whether the urban environmental regulation level is high or low.
This shows that the sustainable finance development level
significantly impacts the improvement of energy efficiency
irrespective of the environmental regulation level. Cities with

high environmental regulation levels have a regression coefficient
of 0.311, higher than cities with low environmental regulation levels.
In other words, cities with high environmental regulation levels are
more likely to see improvements in their energy efficiency due to the
amount of sustainable finance development. This is due to three
critical factors. Local governments first develop environmental
regulation programs. Through administrative means, local
governments raise the budgetary outlay for environmental
governance operations, support ecological progress, and boost
energy efficiency. Second, the market mechanism also contributes
to ecological regulating measures. The tax penalty increases the
hidden cost of environmental pollution for businesses on three waste
emissions, which forces businesses to create environmentally
friendly products with low energy consumption and buy
equipment with low energy consumption and low pollution.
Third, environmental regulation policies can also enhance the
public’s attention to environmental protection. The public is
more inclined to sustainable consumption and sustainable
investment, and such demand-side transformation can also
promote the continuous improvement of green technology level
at the supply side, thus improving energy efficiency.

4.5 Further study: Threshold effect analysis

It is apparent from the theoretical analysis above that there needs to
be more certainty regarding the impact of industrial structure and
technical innovation on energy efficiency. In the regression model with
energy efficiency as the explained variable, the relationship between
sustainable finance, technological innovation, industrial structure, and
energy efficiency may not be linear because of the coexistence of
negative and positive effects. The so-called threshold effect refers to
the possibility that the estimated coefficients of these key explanatory
variables differ significantly. To further investigate the impact of
sustainable finance on energy consumption under various levels of
technological innovation and industrial structures, a panel threshold
regression model needs to be built to assess the threshold effect. With
sustainable finance, technological innovation, and industrial structure
as the threshold variables, model 3, model 4, and model 5 were
established, respectively.

EEit � α + γ1SFIit × I SFIit ≤ δ1( ) + γ2SFIit × I SFIit > δ1( )
+ β2INDit + β3TIit + β4GDPit + β5FDIit + β6URit

+ β7UGit + β8HRit + β9ECit + αi + εit (5)
EEit � α + γ1SFIit × I INDit ≤ δ1( ) + γ2SFIit × I INDit > δ1( )

+ β3TIit + β4GDPit + β5FDIit + β6URit + β7UGit + β8HRit

+ β9ECit + αi + εit

(6)
EEit � α + γ1SFIit × I TIit ≤ δ1( ) + γ2SFIit × I TIit > δ1( ) + β2INDit

+ β4GDPit + β5FDIit + β6URit + β7UGit + β8HRit + β9ECit

+ αi + εit

(7)
Model 3 to Model 5 are all single-threshold models. As shown in

the threshold effect test above, the double-threshold and three-
threshold tests are insignificant; the multi-threshold model will not

1 The measurement indicator of the level of environmental regulation is the
comprehensive index of environmental regulation index constructed by
the entropy value method, based on industrial wastewater emissions,
industrial SO2 emissions, and industrial smoke and dust emissions.
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be discussed again. In the above model, δ1 is the threshold value
when the threshold variable is greater than the δ1 = 1; otherwise, 0.

Following benchmark model regression analysis, sustainable
financial development can significantly increase energy efficiency
by utilizing industrial structure and technological innovation as
intermediary variables. Additionally, as the degree of technical
innovation and the configuration of the industrial structure can
serve as proxies for the features of the entire social market economy,
they can be used as threshold factors and incorporated into models
of sustainable financing that influence energy consumption
efficiency. The test results for single, double, and triple thresholds
are displayed in Table 11. As can be seen, under a 5% significance
level, technological innovation and sustainable finance passed the

single threshold test but failed the double and triple threshold tests.
In contrast, industrial structure failed the single threshold test,
indicating no threshold effect on the influence of industrial
structure. Technological innovation has a threshold value of
0.4456, and sustainable finance has a threshold value of 1.4057,
with sustainable finance acting as the dependent variable of the
threshold variable.

The panel threshold model is set up for the two threshold
variables, and Table 12 displays the regression analysis results.
Both sustainable finance and technological innovation pass the F
test and have a significant individual fixed impact as the threshold
variables. The result in Table 12 demonstrates that the regression
coefficient of GFI is significantly positive at the significance level of

TABLE 11 Result of the threshold test.

Threshold variable Threshold number F statistics Significance Threshold value

Green finance (GFI) Single Threshold 41.051 0.020 1.4057

Double Threshold 21.793 0.360 -

Triple threshold 4.902 0.753 -

Industrial structure (IND) Single Threshold 37.364 0.180 -

Double threshold 6.398 0.560 -

Triple Threshold 3.778 0.820 -

Technological innovation (TI) Single Threshold 175.631 0.000 0.4051

Double threshold 25.836 0.180 -

Triple Threshold 11.184 0.817 -

Note: Table 11 reports the results of the threshold effect test and the value of the threshold variable. Only the single threshold effect test for GFI, and TI, is significant.

TABLE 12 Result of threshold regression.

(1) (2)
Variables

Threshold variable: GFI Threshold variable: TI

IND 0.132*** (0.017) 0.175*** (0.017)

TI 0.348*** (0.034) -

GDP 0.204*** (0.026) 0.240*** (0.025)

FDI 0.037 (0.009) 0.057 (0.009)

UR 0.127 (0.027) 0.137 (0.026)

UG 0.003 (0.013) 0.006 (0.013)

HR 0.180*** (0.039) 0.248 (0.039)

EC 0.022 (0.024) 0.113*** (0.025)

GFI (GFI≤1.4057) 0.313*** (0.026) -

GFI (GFI >1.4057) 0.168*** (0.020) -

GFI (NPG≤0.4051) - 0.137*** (0.019)

GFI (NPG >0.4051) - 0.520*** (0.029)

Constant 0.045 0.034

F TEST (p-value) 0.000 0.000

Note: Table 12 reports the regression results when GFI, and TI, are used as threshold variables. The standard errors are in parentheses. ***, **, and * represent significance at the 1%, 5%, and 10%

levels.
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1%, regardless of whether the development level of sustainable
finance is high or low. However, the regression coefficient of GFI
is noticeably positive when the amount of sustainable finance
development is low (GFI = 1.4057). When sustainable finance’s
development level is higher (GFI >1.4057), the estimated coefficient
of sustainable finance is 0.168. The estimated coefficient of
sustainable finance is now 0.313. Sustainable finance has a
structurally altered impact on energy efficiency. In general, the
advancement of sustainable financing helps to increase energy
efficiency. The effect of increasing energy efficiency, however,
diminished as sustainable finance’s level of development rose.
When technological innovation (TI) is the threshold variable,
and sustainable finance is the threshold-dependent variable, the
threshold effect is depicted in Column 2 of Table 12. The findings
indicate that the estimated coefficient of sustainable finance is
0.137 when the level of technological innovation is low (TI =
0.4051) and 0.137 when the level of technological innovation is
high (TI > 0.4051). The predicted coefficient of sustainable finance is
0.520, which suggests that as technology advances, the impact of
sustainable finance on energy efficiency would alter structurally. The
impact of sustainable finance on improving energy efficiency
increases with the technological level. When technical innovation
is low, energy-intensive sectors are unfriendly to the environment
predominate, and total energy efficiency is low. Since implementing
a sustainable finance strategy forces enterprises to develop
innovative green technologies, they have a financial problem. The
efficiency improvement effect is small because they can increase
production to compensate for the lost revenue by preserving the
environment. Sustainable finance policies can increase energy
efficiency more successfully as technology advances and the
industry structure shifts from poor energy efficiency to
sustainable energy saving.

5 Discussion

5.1 Analyzed results

The key feature of our sustainable Financial Development index
is green sustainability and comprehensiveness. Green sustainability
is characterized by green finance. Highlight the primary connotation
of green finance. Green finance is the product of the organic
integration of financial industry and sustainable development. Its
connotation involves green financial systems, green financial
markets, green financial instruments, green financial institutions,
green financial supervision, and many other aspects. But in essence,
all aspects of green finance are designed to readjust the financing
behavior of the financial industry and promote sustainable
development. Therefore, when constructing the measurement
index system, we always focus on the connotation of green
finance, focus on the financial field which is conducive to
promoting the sustainable development of the economy, society,
and environment, and eliminate the influencing factors with little
correlation, to ensure the accuracy of the evaluation results.

Therefore, from the city level, a comprehensive index of green
finance development is constructed to study the influence and
mechanism of green finance development on energy efficiency. It
should not only investigate the direct impact of green finance

development on energy efficiency but also introduce two
adjustment variables of technological innovation and industrial
structure to analyze its indirect effects. Specifically, first of all
involving the green finance and energy efficiency of existing
literature system combing and summary, roughly clarify the
current academia of both research status and development trend,
qualitative analysis of the relationship between the two and the
influence mechanism, and puts forward several assumptions, finally
based on China’s 2010–2019 city panel data, respectively using
ordinary panel model, two stages of least squares, GMM model,
panel threshold model for empirical test of research hypothesis, thus
clear the influence of green finance on energy efficiency promotion
mechanism.

5.2 Comparisons of sustainable business
utilities between a proposedmodel and prior
works

First, we want to discuss the comparisons of sustainable business
utilities (energy and water supply) between a proposed model and
prior works. One of the important features of sustainable finance is
sustainability. Sukma and Leelasantitham (2022a) investigate the
necessary components for presenting and establishing a community
sustainability ecosystem model that supports local business
sustainability with participation by highlighting essential variables
that foster sustainable business prospects. Sukma and
Leelasantitham (2022b) propose a novel Sustainable Business
Framework for Community Water Supply Companies suitable
for local community businesses. In the sustainable community
ecosystem and sustainable business utilities, this paper focuses on
discussing the impact of sustainable finance while conducting
research from the energy perspective, which enriches the
sustainable related research.

Second, in the past, for the measurement of sustainable finance,
more literature has analyzed the level of sustainable financial
development at the national and provincial level (Karen et al.,
2004; Zhang et al., 2020), Different provinces, and even between
different cities in the province of economic development difference
is also very obvious, but the current study on green finance and
energy efficiency or from the national or provincial data, also few
established covering multiple dimensions of other green financial
development index, the precision of green financial policy
implementation has certain limits. At the city level, we build a
comprehensive index from the total dimension.

Third, In the past, there was little consideration of the impact of
macro-environmental policies. From the perspective of macro-
environmental regulation policies, this paper studies the effect of
sustainable finance on energy efficiency under different
environmental policies. It examines the heterogeneous impact of
low-carbon urban policies and environmental regulations on energy
efficiency. Considering the financial development level of different
cities in China, economic development level, resource endowment,
and policy strength are different, so the effect of different variables
may vary; reference predecessors from the perspective of the
following two adjustment effect tests: first, the sample is divided
into low carbon pilot cities and low carbon pilot cities regression
respectively, to explore the influence of green finance on energy
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efficiency in the difference between the two types of cities. Second,
considering the environmental regulation level may affect energy
efficiency in the development level of green finance, with the median
environmental regulation level of sample data as the cut-off point,
the sample city is divided into two categories of high and low
ecological regulation levels, to observe whether there is any
difference in the effect.

6 Conclusion and policy implications

Based on the panel data of 259 cities in China from 2010 to 2019,
this paper finds that green finance significantly improves energy
efficiency. Industrial structure optimization, technological innovation,
and other factors play an intermediary role. In addition, the
development level of green finance plays a more significant role in
promoting the energy efficiency of cities with high levels of
environmental regulation and non-low-carbon pilot cities. In the
high-environment regulatory level city samples and low-environment
regulatory levels, the regression coefficients of GFI are 0.311 and 0.202,
respectively. In low-carbon pilot cities samples and non-low-carbon
pilot cities, the regression coefficients of GFI are 0.149 and 0.300. Finally,
the impact of green finance on energy efficiency has structuralmutations
in energy efficiency. When the level of green finance is lower, the
estimation coefficient of green finance is 0.313. When the level of green
finance is higher, the estimation coefficient of green finance is 0.168.

According to the empirical results of this paper, the following
policy implications are put forward for formulating relevant policies.
First, implementing green finance policies can significantly improve
energy efficiency. The government should focus on improving the
level of green finance in all regions, actively guide enterprises to
participate in green financial innovation by enhancing the
institutional framework, providing policy guarantees and
increasing capital investment, and support the development of
various green financial products to realize the vision of energy
conservation and emission reduction jointly.

Second, by strengthening the coordination of green finance
policies, science and technology policies and measures, and
industrial development policies and measures, a complete policy and
measure framework should be established to achieve the joint
development of all parties and achieve a “win-win” situation. When
making policies, the government should fully consider the interaction
between various policies, pay attention to regional development and the
implementation of multiple policies, and introduce appropriate policies
at different stages of development to better play the policy effect of
green finance and promote sustainable economic development.

7 Limitations of the study

The paper also has some shortcomings: First, in terms of sample
data collection, China city-level data collection is complex; the
relevant departments did not disclose the city level of green
insurance data and can only use agricultural insurance data as an
alternative, although has certain rationality, to a certain extent, will
cause specific deviation to the research results; Second, the existing
literature suggests that energy consumption may have specific space
effect, adjacent areas between the green financial policy, the

environmental regulation policy will influence each other, so the
green finance and energy efficiency may also exist space spillover
effect, so explore whether the role of space spillover effect in the
process will be one of the perspectives of the following research.
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